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(54) COOLING SYSTEM 


(71) We, N.V. Philips' Gloeilampen- 
fabrieken, a limited liability Company, 
organized and established under the laws 
of the Kingdom of the Netherlands, of 
5 Emmasingel 29, Eindhoven. Holland, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 

10 by the following statement: — 

The invention relates to a cooling system 
for a combustion engine, comprising a radia- 
tor which comprises a plurality of spaced 
parallel tubes for the passage of a cooling 

15 medium, the tubes being arranged substan- 
tially in one plane and communicating at 
one end with an inlet chamber and at the 
other end with an outlet chamber for the 
cooling medium, and the spaces between 

20 the tubes being spanned by metal heat- 
transfer fins which are in heat-conducting 
contact with the tubes and which are spaced 
longitudinally of the tubes so that air. pass- 
ages are formed between the fins and tubes. 

25 Cooling systems comprising a radiator of 
this construction are known and have the 
drawback of being rather bulky. This ham- 
pers their installation in motor-cars., for ex- 
ample; also the material costs are sub- 

30 stantial due to the heavy weight of the 
radiators. 

According to the invention there is pro- 
vided a cooling system for a combustion 
engine, comprising a radiator which com- 

35 prises a plurality of spaced parallel tubes 
for the passage of a cooling medium, the 
tubes being arranged substantially in one 
plane and communicating at one end with 
an inlet chamber and at Ihe other end with 

40 an outlet chamber for the cooling medium, 
and the spaces between the tubes being 
spanned by metal heat-transfer fins which 
are in heat-conducting contact with the tubes 
and which are spaced longitudinally of the 

45 tubes so that air passages are formed be- 
tween the fins and tubes, wherein the 
hydraulic diameter of each of these air 
passages is less than 2 mm, the length of 


each passage is less than 25 mm, and the 

/ 50 

ratio — is less than 25, / being the length . 
d h 

and d h the hydraulic diameter of each of 
the air passages, and wherein a dirt collec- 
tor comprising an air-permeable screen 55 
formed with zigzag folds is arranged in 
front of the radiator so that air entering 
the radiator when the radiator is in use 
first passes through the screen, the latter 
having air passages with a hydraulic dia- 60 
meter of less than 2 mm. 

The hydraulic diameter of an air pass- 
age is equal to four times the area of the 
cross-section of the passage divided by the 
length of the perimeter of the cross-section, 65 

The fine structure of the air passages of 
the radiator due to their hydraulic diameter 
being less than 2 mm and their length less 
than 25 mm results in a substantial in- 
crease of the heat-transfer capacity per 70 
unit of front surface area of the radiator. 
This means that the front surface area and 
the overall weight can be much smaller and 
lighter, respectively, than in a conventional 
radiator. 75 

However, due to the fine structure of 
the air passages, dirt particles present in 
the air entering the radiator can no longer 
pass through the radiator and tend to ac- 
cummulate on the front surface, thus block- 80 
ing the radiator or part thereof. To counter- 
act this a dirt collector is arranged in front 
of the radiator in the cooling system ac- 
cording to the invention. This dirt collec- 
tor consists of an air-permeable screen hav- 85 
ing air passages with a hydraulic diameter 
of less than 2 mm. This screen is formed 
with zigzag folds with the result that a 
number of parallel troughs of V-shaped 
cross-section are produced in the screen. 90 
The dirt particles present in the air now 
slide along the flanks of the troughs and 
collect at the back of the troughs, where 
they can be readily removed from time to 
time. The air from which the dirt par- 95 
tides have thus been removed passes 
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through the screen without substantial fac- 
tional loss and subsequently flows through 
the radiator which now remains clean. 

A plurality of tubes for the passage of a 
cooling medium may be attached to the 
screen in a heat-conductive manner, the 
tubes communicating at one end with a com- 
mon inlet chamber and at the other end 
with a common outlet chamber. The dirt 
coDector can then serve additionally as the 
condensor of an air-conditioning system 
provided in, for example, a car. 

A cooling system according to an em- 
bodiment of the invention will be described 
15 in detail with reference to the accompany- 
ing diagrammatic drawings, in which. 

Figures 1 and 2 are a rear elevation and 
a sectional plan view, respectively of the 
cooling system, Figure 2 being taken on 
20 the line II — II of Figure 1, and 

Figure 3 is a view similar to Figure 2 
showing the same cooling system but with 
the dirt collector constructed to serve addi- 
tionally as the condenser for an air-condi- 
25 tioning system. 

The cooling system shown in Figures 1 
arid 2 comprises a radiator 1 which consists 
of a plurality of spaced parallel tubes 2 for 
the passage of a cooling medium. The 
30 tubes 2 are arranged substantially in one 
plane and the spaces between them are 
spanned by heat-transfer fins. These are 
formed by thin metal strips 3 and are con- 
nected in a heat-conductive manner to the 
35 tubes. The fins are spaced longitudinally 
of the tubes so that air passages 10 are 
formed between the fins and tubes. The tubes 

2 communicate at one end with a common 
inlet chamber 4 and at the other end with 

40 a common outlet chamber 5. 

The spacing between the metal strips 3 
and the width of the strips are such that 
the hydraulic diameter of each of the air 
passages 10 is less thtn 2 mm, the length 
45 of each passage, which is equal to the width 
of the strips 3, is less than 25 mm, and 
/ 

the ratio — is less than 25, I being the 
d h 

length and d h the hydraulic diameter of 
the air passages. In a practical example 
the hydraulic diameter of the air passages 
10 was 0.85 mm and the v/idth of the strips 

3 was 4 mm. As a result of this very small 
width, the tubes 2. which have a given 
cross-sectional area to permit a desired 
rate of flow of cooling medium through the 
tubes, project beyond the rear edges of the 
strips 3. In order to ensure that the nar- 
row air passages 10 do not quickly become 
blocked by dirt particles present in the air 
entering the radiator, a dirt collector 6 is 
arranged in front of the radiator. This dirt 
collector consists of a very thin gauze screen 

65 7 which is formed with zigzag folds so that 
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a number of parallel troughs of V-shaped 
cross-section are produced in the screen. 
The mesh size of the gauze screen 7 is so 
selected that the hydraulic diameter of the 
air passages formed by the mesh openings 70 
is less than 2 mm. As a result of this fine 
structure of the screen, dirt particles pre- 
sent in the air cannot pass through the screen 
7 and will slide along the flanks of the 
troughs to collect at the areas 8. The col- 75 
lected dirt particles can be removed from 
time to time from these areas, for example, 
by spraying with a water jet. The dirt par- 
ticles are thus prevented from reach in a the 
radiator 1. 80 

The following example will demonstrate 
that the fine structure of the air passages 
10 of the radiator 1 has a major influence 
on the heat-transfer capacity per unit of 
front surface area of the radiator and also 85 
on the weight of the radiator. If by reduc- 
ing the spacing between the strips 3 the 
hydraulic diameter of the air passages 10 is 
reduced from 4 mm to 2.55 mm, whilst the 
width of the strips and therefore the length 90 
of the air passages remains unchanged, the 
heat- transfer capacity per unit of front sur- 
face area of the radiator is increased by a 
factor 1.3. If the quantity of heat to be 
transferred remains the same, the required 95 
front surface area of the radiator is thus 
reduced by a factor 1.3. However, the 
weight of the radiator has now been in- 
creased by a factor 1.15 due to the in- 
creased number of strips 3. 100 

However, it was also found that the heat- 
transfer capacity of a radiator can be kept 

constant as long as — remains constant. 

d h 105 
Consequently, by reducing d r , by a factor x, 
I can be reduced by a factor x\ In prac- 
tice, x=3 can be used. The hydraulic dia- 
meter of the air passages 10 will then be 
reduced from 2.55 mm to 0.85 mm, and 110 
the width of the strip 3 ? which would norm- 
ally be approximately 40 mm, is reduced to 
approximately 4 mm. A radiator is thus 
obtained which combines an increase of the 
heat-transfer capacity by a factor 1.3 with, 115 
due to the reduction of the width of the 
strips, a reduction of weight by a factor 
3.6. The value of the latter factor is a 
matter of calculation and is influenced by 
the number and material of the strips 3. 120 
Particularly the weight reduction is import- 
ant in view of the resulting saving in 
material and the consequent reduction in 
the cost price of the radiator. Due to the 
increased heat-transfer capacity, installing 125 
the radiator in a motor-vehicle can be more 
readily effected. 

It can be seen from the foregoing that 
the finer structure of the air passages of 
the radiator offers major advantages. Ob- 130 
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struction of these air passages by dirt par- 
ticles is counteracted by the dirt collector 6. 

This dirt collector can be constructed to 
serve additionally as a heat exchanger 
shown in Figure 3, by soldering tubes 9 for 
the passage of a cooling medium to the 
gauze screen 7 and connecting these tubes 
at one end to a common inlet chamber (not 
shown) and at the other end to a common 
outlet chamber (not shown). 

The tubes 9 can form part of an air- 
conditioning system such as is fitted in some 
types of cars. The dirt collector then also 
serves as the condenser in the air-condi- 
tioning system. 

WHAT WE CLAIM IS: — 

1. A cooling system for a combustion 
engine, comprising a radiator which com- 
prises a plurality of spaced parallel tubes 
for the passage of a cooling medium, the 
tubes being arranged substantially in one 
plane and communicating at one end with 
25 an inlet chamber and at the other end with 
an outlet chamber for the cooling medium, 
and the spaces between the tubes being 
spanned by metal heat-transfer fins which 
are in heat-conducting contact with the tubes 
an <* which are spaced longitudinally of the 
tubes so that air passages are formed be- 
tween the fins and tubes, wherein the 


hydraulic diameter of each of these air pass- 
ages is Jess than 2 mm, the length of each 

/ 35 

passage is less than 25 mm, and the ratio — 

d h 

is less than 25, / being the length and d h 
the hydraulic diameter of each of the air 
passages, and wherein a dirt collector com- 40 
prising an air-permeable screen formed 
with zigzag folds is arranged in front of the 
radiator so that air entering the radiator 
when the radiator is in use first passes 
through the screen, the latter having air 45 
passages with a hydraulic diameter of less 
than 2 mm. 

2. A cooling system as claimed in Claim 
1, wherein a plurality of tubes for the pass- 
age of a cooling medium is attached in a 50 
heat-conductive manner to said screen the 
tubes communicating at one end with a 
common inlet chamber and at the other end 
with a common outlet chamber. 

3. A cooling system, substantially as 55 
herein described with reference to the ac- 
companying drawings. 


C. A. CLARK, 
Chartered Patent Agent, 

Century House, 
Shaftesbury Avenue, 

London, W.C.2. 
Agent for the Applicants. 
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